Whether natural factors could interpret the rise of the Earth's surface temperature is still controversial. Though numerous recent researches have reported apparent correlations between solar activity and the Earth's climate, solar activity has encountered a big problem when describing the rapid global warming after 1970s. Our investigation shows the good positive correlations between the Earth's surface Ultraviolet irradiance (280-400 nm) and the Earth's surface temperature both in temporal and spatial variations by analyzing the global surface Ultraviolet irradiance (280-400 nm) and global surface temperature data from 1980-1999. The rise of CO 2 cannot interpret the good positive correlations, and we could even get an opposite result to the good correlations when employing the rise of CO 2 to describe the relation between them. Based on the good positive correlations, we suggest a new effect, named "Highly Excited Water Vapor" (HEWV) effect, which can interpret how the Sun influences the Earth's surface temperature reasonably, including the rapid warming after 1970s.
I. INTRODUCTION
The debate on whether the Sun could influence global surface temperature variation has been argued for years since 1976 after Eddy [1] indicated the relation between solar activity and Earth's surface temperature. Many researchers have found apparent correlations between solar activity and the Earth's surface temperature [2] [3] [4] [5] [6] and some physical mechanisms have been suggested to interpret the possible way of solar activity influencing global surface temperature [7] [8] [9] [10] [11] [12] . Some researchers, however, have also found a decoupling between solar activity and the Earth's surface temperature since roughly 1970: the surface temperature continued to rise rapidly, while the solar irradiance did not show a corresponding increase in the same time [13] [14] [15] . Solanki and Krivova [15] compared the constructed total solar irradiance, UV irradiance and the cosmic rays with the atmosphere temperature respectively, and got a conclusion that since roughly 1970 he Sun cannot have contributed more than 30% to the steep temperature increase.
We consider the decoupling problem between solar activity and the Earth's surface temperature being caused by the decrease of the Earth's ozone layer and cloud cover. As we all know, solar Ultraviolet irradiance could be influenced by ozone layer [16] and the cloud cover [17] . o we employ the Earth's surface Ultraviolet irradiance (280-400 nm, the same hereinafter) as the index of their variations, and via comparing it with the surface temperature to investigate the relation between surface Ultraviolet irradiance and surface temperature. We could see good positive correlations between surface temperature and surface Ultraviolet irradiance in * yzheng@sdu.edu.cn † niba180634@gmail.com Sec. III. And the physical mechanics behind the good correlations is discussed in Sec. IV, one probable mechanics is the cloud cover, and another, is the new effect raised by Chen it et al., named as "Highly Excited Water Vapor" effect.
II. DATA
Climatological distributions of the Earth's surfacelevel Ultraviolet radiation data from 1980 to 1999 is obtained from [18] , and this data is the monthly mean data, on 60. 
III. RESULTS
By taking investigation of the two datasets, we find the good correlation in spatial distribution (r = 0.3855, P > 99.99%) between surface Ultraviolet irradiance and surface temperature in decadal variation. It is shown in Fig 
IV. DISCUSSION AND SUGGESTION
Because the Earth's surface temperature is not considered in the process of the Earth's surface ultraviolet irradiance calculation, and vice versa, so the good correlations are not caused by artificial calculation. That is, the good correlations indicate an exact physical relation between surface Ultraviolet irradiance and surface temperature. The rise of CO 2 cannot be employed to describe the good correlations. Instead, it presents an opposite result, because based on the substantial hypothesis that in the warmer and moister CO 2 -rich atmosphere, cloud liquid water content will generally be larger and will increase the cloud's albedo [19] , which will lead a decrease of the Ultraviolet irradiance. This leads to an opposite result to the good positive correlations.
A. Could the cloud cover cause the good correlations?
Cloud cover, as a natural factor, may be a common factor to the good positive correlations between the Earth's surface temperature and surface Ultraviolet irradiance, because cloud cover has influence on both ltraviolet irradiance [18] and global surface temperature [20, 21] . The decrease of the cloud could lead the increase of surface temperature and Ultraviolet irradiance at the same time, and cause the similarity between surface Ultraviolet irradiance and surface temperature. The International Satellite Cloud Climatology Project (ISCCP) did find the declining of the total cloud cover [22] , which gives us a positive motivation to research the effect of the cloud on the surface temperature variation.
We test the cloud signal in the Earth's surface temperature data and the Earth's surface Ultraviolet irradiance data, respectively, by employing the total cloud coverage yearly variation from 1983 to 1999 [22] . We find both of the surface temperature and surface Ultraviolet irradiance data show their responses to the total cloud coverage signal, but the areas in the two data maps showing their responses to the cloud signal are very different (see Fig. 3 ). This could indicate that the cloud is not the main factor caused the good positive correlations between surface temperature and surface Ultraviolet irradiance, but more researches need to be done before we get the final conclusion.
B. A new effect may exist
The good correlations between surface Ultraviolet irradiance and surface temperature could indicate a new effect: the surface Ultraviolet irradiance could have the ability to influence surface temperature variation directly. As we know, water vapor is the most important greenhouse gas, accounting for almost 70% of the greenhouse effect [23] . Any change of it could lead a surface temperature change. Actually, water vapor has many properties that deserve to be paid more attention [24] , specifically its effects in highly excited vibrational states [25] . Here we concentrate on the effects of water vapor in highly vibrational states excited by Ultraviolet irradiance and propose a new suggestion as one of the paths that solar activity influences the Earth's surface temperature variation. Figure 4 shows the vibrational energy states of a water molecule, which is calculated by Lie algebraic approach [25, 26] . Water molecule at the low vibrational states can be excited by the Ultraviolet irradiance (280-400 nm) to a highly excited vibrational state region between the two bold-lines marked in Fig. 4 , where there are more vibrational energy states and generate many new absorption lines and strengthen some absorption lines in infrared spectrum region. The water molecular spectroscopy calculation indicates that Ultraviolet irradiance changes water vapor's infrared spectrum. The Infrared spectrum of water vapor in the highly excited vibrational states excited by the 380 nm Ultraviolet irradiance is shown in Fig. 5(B) . By taking comparison with water vapor's Infrared spectrum in low vibrational states (Fig. 5(A) ), the spectra of water vapor in highly excited vibrational states shows many new absorption lines, such as absorption lines in 4 − 6 µm, 9 µm and 12 µm. The 9 µm and 12 µm absorption lines are in the Earth's 8 − 14 µm atmospheric window, and the atmospheric window means this part of spectrum dose not be absorbed by the Earth's atmosphere and just get through to the outer space. Also these two lines are in the spectra region that the Earth's surface emits its maximum energy as a black body when its surface temperature is suggested as 288 K. This means we find more energy source for water vapor's greenhouse effect, in other words, for the global warming. We calculate the highly excited water molecule's photon absorption cross section, which is excited by the 380nm Ultraviolet irradiance, and compared with the low vibrational water molecule's photon absorption cross section. We find that the photon absorption cross section of the highly excited water molecule is almost 20-100 times larger than that of the low energy state (see Fig. 6 ), which means the absorption ability of highly excited water molecule is much stronger than that of low vibrational energy water molecule. The Ultraviolet irradiance in 380 nm is just one point FIG. 7 . The physical process that the HEWV effect occurs in the Earth-atmosphere system of the 280-400 nm spectra band. We could also employ Ultraviolet irradiance in other wavelength to calculate highly excited water molecular spectroscopy, and could get other new absorption lines in water molecular and find more energy resource for the global warming.
Based on the above analysis, we suggest that the Ultraviolet irradiance in the spectral band 280-400 nm in the Earth's lower troposphere can be absorbed by water vapor, and then change water vapor's infrared absorption spectrum, generating many new absorption lines.
In other words, the Earth's surface Ultraviolet irradiance enhances water vapor's greenhouse effect and eventually influences the Earth's surface temperature. The chart description of this physical process is shown in Fig. 7 . We name this as "Highly Excited Water Vapor" (HEWV) effect.
The HEWV effect can highlight the importance of the solar activity in global surface temperature variation. Solar activity has the ability to influence global surface temperature variation through Ultraviolet irradiance in spectral band 280-400 nm. The role of ozone layer and cloud in this effect is like a thermostat, which absorbs or reflects Ultraviolet irradiance and tries to weaken the ability of solar activity influencing global surface temperature variation. After 1970s, the ozone layer and the cloud cover decrease, which makes the increase of the Earth's surface Ultraviolet radiance and eventually leads the increase of global surface mean temperature.
